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We, Merck fc? Co., iNa, a corporation duly 
organised and existing under the laws of the 
. State of New Jersey, United States of 
America, of Rah way, New Jersey, United 
5 States of America, do hereby declare the in- 
vention, for which we pray that a patent may 
be granted to us, and the method by which it 
is to be performed, to be particularly des* 
cribed in and by the following statement : — 
This invention is concerned with stable 
vitamin compositions. More particularly, it 
is concerned with vitamin A preparations 
which can be incorporated in animal feeds 
or feed supplements and in pharmaceutical 
15 products with no marked resulting loss of 
vitamin A activity. It is concerned also with 
methods of making such preparations. 

Vitamin A, usually in the form of one of 
its esters, is widely used in animal feedstuffs 
20 and in certain pharmaceutical preparations. 
Because of their chemical and physical pro- 
perties, however, vitamin A esters as such 
are not stable under conditions of use and it 
is the universal practice to formulate or com- 
25 pound them in some fashion to reduce the 
degree and rapidity of decomposition. Here- 
tofore, most methods of attempted stabiliza- 
tion have entailed coating the vitamin par- 
ticles so as to reduce loss by protecting the 
vitamin from contact with oxygen or with 
other components of the feed mixture. It 
has been suggested to stabilize vitamin A 
esters by coating with plastic compounds or 
with the so-called 4fc enteric coatings." It has 
35 also been suggested to encase the vitamin in 
materials such as gelatin or colloidal sub- 
stances. Many techniques of making oxygen' 
impervious gelatin coatings have been 
studied and described. Gelatin alone has 
40 been employed as a coating agent, and 
attempts to increase stability by utilization of 
certain synthetic resinous materials along 
with gelatin are known. Most of these 
approaches have led to products or composi- 
45 tions which are more stable than the vitamin 
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A esters themselves, but there is still diffi- 
culty in obtaining a completely satisfactory 
material. 

The present invention provides a vitamin 
composition comprising an ester of vitamin 
A uniformly dispersed throughout the re- 
action product of formaldehyde and partially 
hydrolysed casein. 

According to the invention these highly 
stable vitamin A-active compositions, which 55 
are suitable for direct addition to animal feed 
supplements or pharmaceutical products, are 
prepared by reacting together formaldehyde 
and partially hydrolysed casein in the 
presence of a vitamin A ester. The partially 60 
hydrolysed casein and formaldehyde react to 
form a solid to semi-solid putty-like mass 
with the vitamin occluded or bound within 
this mass of resinous material. The product 

T* 7 l^ Cn ii be S nnulated to give a yellowish 65 
dry free-flowing powder. The vitamin A 
ester as present in this composition is very 
stable, and may be added as such to animal 
feed supplements or incorporated in tablets 
or capsules for pharmaceutical use. For opti- 
mum stability, it is usual to incorporate one 
or more antioxidants or stabilizers in the com- 
positions by adding them to the partial 
hydrolysate of casein or to the vitamin A 
ester prior to reaction with the formaldehyde. 75 

The choice of particular ester to be used 
as the source of vitamin A activity in the 
new compositions is not critical. Typical 
esters that may be mentioned as represen- 
tative are the acetate, palmitate, tertiary 80 
butyl acetate, pivalate, anthraquinone fl-car- 
boxylate and hemi-succinate. Optimum 
stability of vitamin A activity appears to be 
obtained with the palmitate and this ester 
is thus a part of the preferred embodiment 85 
of the invention. 

In making the compositions described 
heron, the vitamin A ester is added to an 
aoueous dispersion of a partial hydrolysate 
of casein and the resulting mixture stirred or 90 
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homogenized until the vitamin is uniformly 
dispersed in it. The amount of ester to be 
used will depend upon the desired vitamin 
A potency of the final product. The final 
5 level of vitamin A activity may be varied 
from as low as about 10,000 units per gram 
of end product up to about 500,000 units per 
gram: The higher concentrations are desir* 
able when the material is intended for phar- 

10 maceutical use, whereas levels of 200,000" 
300,000, and particularly about 250,000, 
vitamin A units per gram are advantageous 
when the final product is to be incorporated 
in animal feed supplements. In referring to 

15 units of vitamin A activity the International 
Unit is meant. 

It is advantageous to incorporate an and' 
oxidant or mixture of antioxidants in the 
vitamin A compositions. This is conveniently 

20 accomplished by adding the antioxidants to 
the vitamin A ester before mixing it with the 
partial hydrolysate of casein. Depending 
upon the amount of antioxidant and the par 
ticular vitamin A ester used, slight warming 

25 of the vitamin may be necessary to effect 
complete solution of the antioxidant. Where 
this is necessary, it is well to carry out this 
operation in an inert atmosphere in order 
to minimize decomposition of the- vitamin A 

30 At the preferred antioxidant, there is used 
a mixture of butylated hydroxy toluene and 
butylated hydroxy anisole. The total amount 
of antioxidant may be varied from about 5 
to about 25% by weight of the vitamin A 

35 ester and preferably is about 20% by weight 
of the vitamin A ester. In using the bury 
lated hydroxy anisolcbutylated hydroxy 
toluene antioxidant system in the preferred 
embodiment of the invention, about 10% of 

40 each antioxidant is required. Other anti- 
oxidants such as ascorbyl palmitate or ^toco- 
pherol are also suitable. In some instances, 
it is desirable to add a small amount of an 
amine to the vitamin A*antioxidant'partial 

45 hydrolysate mixture before reacting with die 
formaldehyde. Thus, about 5*15% (based 
on the weight of vitamin A ester) of amines 
such as cydohexylamine, N-ethyl-piperidine 
or dibutylamine may be used to improve the 

50 effectiveness of the antioxidant system. 

The partially hydrolysed casein which is 
one of the reactants in the process of this 
invention may be prepared by enzymatic or 
add hydrolysis of casein. Such "partial 

55 hydrolysates " or " products of mild hydro- 
lysis ** are known in the art 

Degradation or hydrolysis of casein is 
known to proceed according to the route : 
casein— > proteoses-* peptones-* polypep* 

60 tides-* free aminoadds. By a "partial 
hydrolysate r or a ** product of mild hydro- 
lysis ** is meant one in which the hydrolysis 
has been stopped at an intermediate stage of 
this degradative scheme. As will be realized 



by those skilled in protein chemistry, a partial 65 
hydrolysate will not as a rule contain, for 
instance, entirely proteoses or entirely pep- 
tones, but rather will be a mixture of the 
various intermediate degradative products. 
It will, however, contain only relatively small 70 
amounts of casein itself or of the free amino 
acids. 

The partial or mild hydrolysis of casein 
may be carried out either enzymatically or 
with dilute mineral acids. Enzymes known 75 
to be suitable for this purpose are proteolytic 
enzymes such as pepsin and trypsin. For the 
purpose of this invention, it is not necessary 
that the partial hydrolysate of casein have 
any exact proportion or ratio of proteoses, 80 
peptones or polypeptides, and it is realized 
that the composition of any given hydroly- 
sate having a solids content of about 25-45%, 
the conditions of hydrolysis. It is desirable, 
however, that the partial hydrolysate have an 85 
u-amino nitrogen .content of from less than 
1% to about 10%, and preferably from 
0.5% to 7.0%. Very stable vitamin A com' 
positions are obtained when the a-amino 
nitrogen content of the partial hydrolysate 90 
reactant is about 1%. The camino nitrogen 
content is readily determined by the Van 
Slyke method. 

The partial hydrolysates are formed as 
aqueous dispersions or suspensions and it has 95 
been found convenient to use such disper- 
sions directly in the process. For reaction 
with the formaldehyde, it is desirable to use 
dispersions which are reasonably high in 
solids content, since any excess of water must 100 
eventually be removed by drying, but which 
are fluid enough to permit uniform mixing 
of the vitamin A ester and stirring during 
the reaction with formaldehyde. A hydroly- 
sate having a solids content of about 25-45%, 105 
and preferably of about 30-35% is conven- 
iently used. 

As described previously, the highly stable 
compositions of the invention are obtained 
by reacting this partial hydrolysate of casein 110 
with formaldehyde in the presence of a 
vitamin A ester, i.e. with the ester uniformly 
dispersed in the aqueous hydrolysate. 

Any source of formaldehyde may be used, 
one convenient source bring an aqueous solu- 115 
tion of formaldehyde such as the commer- 
cially available 37% solution. On adding 
such a solution slowly to the casein hydroly- 
satcvitamin A-antioxidant suspension the re- 
action mixture changes from a viscous pasty 120 
mass to a semi-solid product. The reaction 
mixture is stirred or mixed during formalde- 
hyde addition. The reaction temperature is 
not critical, but it is ordinarily preferred to 
carry out the mixing at or near room tern- 125 
perature. The reaction product of formalde- 
hyde and the partial hydrolysate of casein 
has initially a semi-solid, putty-like consist- 
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5 of product. The mixing is continued for a 
short period of time, i.e. from about five 
minutes to one hour, and preferably for 
about 15 minutes, after formaldehyde addi- 
aon a complete. During this period some 

10 granulation of the resinous product occurs 
In forming the reaction product the ratio 
ot formaldehyde to partial hydrolysate of 
casein may be varied from about 1 : 10 parts 
by weight to about 1 : 100 parts. For opti- 

15 mum stability and availability of the vitamin 
A in the compositions, it is preferred to react 
one part of formaldehyde with 10-15 parts 
of hydrolysate; 

on i The vitamin A eater is uniformly dispersed 
zo throughout or intimately admixed with the 
semi-solid resinous reaction product thus 
tormed. This reaction mass is granulated and 
dried in order to obtain a dry, uniform, free- 
flowing powder. The drying operation may 
25 be carried out at atmospheric pressure or in 
a vacuum at temperatures up to about 100°C 

ivSJv?* dryiag temperatures of about 
"'7 u ^ normally satisfactory. The 
. resultant material is ready for use in animal 
*0 teed supplements or in solid pharmaceutical 
formulations. To achieve uniformity in par- 
ticle size, the material is usually milled and 
screened prior to actual use. 
Feed supplements containing this highly 
35 stable vitamin A composition may be pre- 
pared by mixing the composition of the in- 
vention with carriers such as distillers' dried 
grains having also added, if desired, other 
an r,^f *? d gro^h'Promoting agents. The 
40 supplement may contain sufficient vitamin A- 
active composition to give a level of 600 000 
International Units of vitamin A per pound. 

The following examples, in which all mesh 
sues are U.S. standard mesh, are given for 
45 purposes of illustration : 

Example 1 

134 lbs. of partially hydrolysed casein dis- 
pension having 30-35% solids and about 1% 
of a-amino nitrogen was added to a 25-gallon 
50 vessel equipped with a double-arm mixer 
Wade. The mixer blade was turned on and 
a mixture of 10 lbs. of vitamin A palmitate 

it u 0 J^ bu 7'f hydrox y ***** and 1 lb! 
« Jrrt^. toluene added to the 

55 partially hydrolysed casein at about 25 °C. 
The 10 lbs of vitamin A palmitate repre- 
sente about 6.7 X 10» vitaniinA units 
The mixture was stirred until a uniform 

*n dl8pCr £°? V s 0 , btiu ' n ed- 12.5 lbs. of 37% 
60 formaldehyde solution was then added as a 
spray to the vitamin A-caaein solids and mix- 
mg continued until the product became gran- 
ulated. The mass was removed and eranu- 
lated through a 30 mesh screen, and aiSried 
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^een assayed 25.000 vitamin A units per 

Example 2 
In the series of experiments set forth below 
the : indicated 1 weight of an aqueous dispel 
T > ^Vsed casein having 

about 33% solids and about 1% Q f a -amino 75 
nitrogen was weighed into a tared porcelain 
2, A .. w «ghed quantity of vitamin A 
palmitate oil having the antioxidants dis- 
solved in it was added to the partially hydro- 

out the casern with a pestle in order to fonn 
a homogeneous paste. Butylated hydroxy 

ene (BnT) were used as antioxidants 37% 
aqueous formaldehyde solution was added to 85 
die : dispersion and worked into the paste 

PC 1? C L A semi ' s °W putty-like Lss 
formed which was granulated by forcine 
trough a 50 h The w« granule! 

were dried at 45° C. for about 17 hours 90 
I™ 77 m granules ™' sheened and the fra™ 

nfl' ' on » 50 mes h screen and 

passing a 30 mesh screen washed with 

petroleum ether and dried. 

was tested for stability by storage at 50°C 
tor ten days with uncontrolled humidity 

In each of the eight experiments 1-7 g. of 
Vtamin A pahnitate, 0.15 g. of butykred 

Net 
weight of 
partially 

V d T , *™ Vitamin A vZ 

lyted formal** Drying u^gm. min A 
casern Uon hydc Initial Final Ac* 

condi* Assay Assay vity 
vacuum 103,000 94,300 
vacuum 282,000 253,000 
vacuum 90,000 81,000 
vacuum 315,000 304,000 
air 102,000 89,000 
280,000 270,000 
91,000 84,000 
287.000 273,000 

Example 3 

yjL^u °1 ^PenmentB reported 

below, the indicated amounts of vitamin A no 
acetate, butylated hydroxy anisole (BHA? 
and butylated hydroxy tobenMBHT?^ 
r^fl^ ^ addcd * 35.0 g 2mTrf . 
having a solids content of 30-35% by S£ 125 

™,J^ mmUre *** 8ti «d at room tent 
perature in a nitrogen atmosphere Si 
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(gm*.) 
72.0 
19.6 
72.0 
19.8 
72.0 
19.8 
72.0 
19.8 



(mis.) 
3.2 
0.9 
6.2 
1.7 
3.1 
0.9 
6.2 
1.7 



air 
air 
air 



8 

10 
10 

3.3 
13 

4 

8 

4.5 
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homogeneous. 

3.0 mis. of a 37% aqueous formaldehyde 

solution were added slowly to the above mix* 

ture with vigorous stirring. Near the end 

5 of the formaldehyde addition the reaction 

mixture stiffened to a putty-like mass. It was 

stirred for a few minutes after completion of 

the aldehyde addition and granulated by 

passage through a 50 mesh screen. The 

10 resulting granules, were dried at about 20°C. 

Vitamin A 

Acetate Potency 

(2.6 x 10° BHA BHT Vitamin A 

Exp. u/gm) Gins. u./gm. 

15 



(a) 
(b) 
(c) 
(d) 



0.614 .031 .031 163,000 

2.06 .10 .10 344,000 

0.60 .06 .06 133,000 

2.09 .21 .21 315.000 
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Example 4 
To a mixture of 0.5 grams of butylated 
hydroxy anisole and 0.5 grams of butylated 
hydroxy toluene in 4.6 grams of vitamin A 
palmitate oil, assaying 1.4 x 10° units/gram, 
25 was added 1800 grams of a partially hydro- 
lysed casein dispersion. The partial hydro* 
lysate of casein was an aqueous suspension 
having about 33% solids and about 1% of 
a-amino nitrogen. 
30 The mixture was stirred until homogene- 
ous and to it was added slowly 156 ml. of 
37% formaldehyde. The mixture was stirred 
during fromaldehyde addition and for a short 
period of time after the addition was com* 
35 pleted. The semi-solid material thus obtained 
was granulated and air-dried. It was a free 
flowing powder having 11,500 vitamin A 
units/gram. 

Example 5 

40 42.5 g. of butylated hydroxy anisole and 
42.5 grams of butylated hydroxy toluene 
were added to 425 g. of vitamin A palmitate 
oil having 1.463 x 10° vitamin A units/gram. 
The antioxidents were uniformly dispersed 
45 throughout the vitamin oil and this mixture 
then added to 2070 grams of a partial hydro- 
lysate of casein dispersion. The mixture was 
stirred for a short period of time to ensure 
uniform distribution of vitamin A palmitate 
50 throughout the casein hydrolysate. 

120 ml. of 37% fromaldehyde was added 
slowly at room temperature and with vigor* 
ous agitation to the mixture of vitamin A 
palmitate and casein hydrolysate. During 
55 addition of the formaldehyde the reaction 
mixture thickened in consistency until it 
became a semi-solid mass. The agitation was 
continued for a short. period after completion, 
of the formaldehyde addition, the product" 
was then granulated and air-dried. The 
resulting yellowish-powder contained 498,500 
vitamin A units/gram. 

Example 6 
To 3.4 g. of vitamin A . palmitate oil assay- 
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ing 1.463 x 10° units/gram was added 0.34 g. 65 
of butylated hydroxy anisole, 0.34 g. of buty- 
lated hydroxy toluene and 0.38 g. of cydo- 
hexylamine. The resulting mixture was added 
to 47 g. of a partial hydrolysate of casein 
similar to the partial hydrolysate used in 70 
Example 5. 

4 ml. of 37% aqueous formaldehyde was 
added to the above mixture at room tern* 
perature and under agitation. The resulting 
resinous reaction product was stirred for 75 
about 10 minutes after formaldehyde addi- 
tion was completed, it was then granulated 
and air-dried. The vitamin A composition 
thus obtained assayed 242,500 units/g. 

Example 7 80 

(A) A vitamin A composition assaying 
242,500 units/gram was prepared following 
the procedure of Example 6 by using 0.50 g. 
of dibutylamine in place of the cyclohexyla- 
mine of Example 6. (B) A similar product 85 
was prepared according to the procedure 
with the quantities specified in Example 6 
except that 0.43 g. of N*ethylpiperidine was 
used as the amine in place of cyclohyxyla- 
;nine. The yellow powder obtained assayed 90 
237,000 units/g. 

Example 8 

7b 3.4 g. of vitamin A palmitate oil assay- 
ing 1.463 x 10° units/g. was added 0.34 g. of 
butylated hydroxy anisole, 0.34 g. of buty- 95 
lated hydroxy toluene and 0.43 g. of N* 
ethyl piperidine. The resulting mixture was 
added to 47 g. of a partial hydrolysate of 
casein similar to the partial hydrolysate em- 
ployed in Example 5. 100 

0.8 ml. of 37% aqueous formaldehyde was 
added to the above mixture at room tempera- 
ture and under agitation. The resulting resin- 
ous reaction product was stirred for about 
ten minutes after formaldehyde addition was 105 
completed, it was then granulated and air- 
dried. The vitamin A composition thus 
obtained assayed 246,000 units/g. 

Example 9 

In the following series of experiments the 110 
antioxidants were intimately admixed with 
the vitamin A ester and die resulting mixture 
uniformly dispersed in a partial hydrolysate 
of casein which contained about 33% solids 
and about 1% of a-amino nitrogen. 37% 115 
aqueous formaldehyde was added with stir- 
ring to this dispersion and the resulting semi- 
solid mass granulated through a screen and 
air-dried. 

Exp. 120 
No. (a) 



(c) 



Vitamin A Esters 

Gms. 

BHA 

Gms. 



Tertiary 
butyl 

acetate 
1.2 

0.12 



(b) 
Anthrd' 
qitinont 
ft-cdr* 

boxylate Privalate 
1.0 0.95 



125 



0.1 



0.1 
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o 



c 



(b) 



(c) 



0.12 



0.1 



0.1 



TABLE— Cc/ir/nwerf 

(a) 
Tertiary 

aeetate quinone 
Vitamin A Esters boxylate fi-ctzr- Privilate 
BHT r 

Gms. 

10 Partial Casein 

Hydrolysate (Gms.) 32 28.6 28.0 
(m!s.) 

Formaldehyde 2.7 2.3 2.3 
Potency Of End 

15 Product u/gm. 183,000 122,000 140,000 

WHAT WE CLAIM IS :— 

1. A vitamin composition comprising an 
ester of vitamin A uniformly dispersed 
throughout the reaction product of formalde* 
hyde and partially hydrolysed casein. 

2. A composition as claimed in Claim 1 
in which an antioxidant for the vitamin A 
ester is incorporated in the composition. 

3. A composition as claimed in Claim 2 
in which the antioxidant is a mixture of 
butylated hydroxy anisole and butylated 
hydroxy toluene. 

4. A composition as claimed in any pre* 
ceding claim having a potency of about 
10,000 to about 500,000 International units of 
vitamin A per gram. 

5. A composition as claimed in Claim 4, 
in which the potency is about 250,000 Inter' 
national units of vitamin A per gram. 

35 6. A composition as claimed in any pre* 
ceding claim in which the partially hydrolysed 
casein contains from 0.5% to 7% by weight 
of a 'amino nitrogen. 0 

. 7 - A composition as claimed in Claim 6 
40 in which the casein contains about 1% by 
weight of camino nitrogen. 

8. A composition as claimed in Claim 6 
or 7 in which the formaldehyde casein 
reaction product is derived from one part by 

45 weight of formaldehyde with 10 to 100 parts 
by weight of partially hydrolysed casein. 

9. A composition as claimed in any one 
of aaims 1*8 in which the ester of vitamin 
A is vitamin A palmitate. 



' 10. A composition as claimed in any one 50 
of Claims 1*8 in which the ester of vitamin 
A is vitamin A acetate. 

11. The process that comprises reacting 
together formaldehyde and partially hydro* 
lysed casein in the presence of an ester of 55 
vitamin A. 

12. The process that comprises reacting 
together formaldehyde and partially hyro* 
lysed casein in the presence of an ester of 
vitamin A and antioxidants for the ester. 60 

13. A process as claimed in Claim 11 or 
12, in which the anti*oxidant is a mixture of 
butylated hydroxy anisole and butylated 
hydroxy toluene. 

14. A process as claimed in any one of 65 
Claims 11*13, in which the partially hydro- 
lysed casein contains from 0.5% to 7% by 
weight of a amino nitrogen. 

15. A process as claimed in Claim 14 in 
which the casein contains about 1% by 70 
weight of a*amino nitrogen. 

16. A process as claimed in any one of 
Claims 11*15, in which one part by weight 
of formaldehyde is used with from 10 to 100 
parts by weight of partially hydrolysed 75 
casein. 

17. A process as claimed in any one of 
Claims 11*16, in which the ester is vitamin A 
palmitate. 

18. A process as claimed in any one of 80 
ClaimslM6, in which the ester is vitamin A 
acetate. 

19. A process as claimed in any one of 
aaims 11*18, including the additional step 

of granuUbng 4 and drying the resultant 85 
products thereby producing a dry free- 
flowing vitamin A-active composition. 

20. A process as claimed in Claim 11 sub- 
stantially as hereinbefore described with 

to any one of the foregoing 90 

21. A composition as claimed in Qaim 1 
when prepared by a process as claimed in any 
one of Claims 11*20. 

D. YOUNG 6? CO., 
9, Staple Inn, London, W.C.I 
Agents for the Applicants. 
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